M usculoskeletal shoulder problems leading to pain and disability are substantial, underrecognized, and tend to worsen over time in people with type 2 diabetes. [1] [2] [3] [4] Unlike shoulder problems in people without diabetes, shoulder pain and musculoskeletal problems in general may be part of a systemic problem. For example, musculoskeletal pain in persons with type 2 diabetes is reported to be 1.7-2.1 times the rate compared to those without diabetes. 5 Sixty-three percent of patients attending an outpatient diabetes clinic reported shoulder pain or disability as measured with the Shoulder Pain and Disability Index (SPADI). 6 In another survey of patients attending a diabetes clinic who had pre-existing shoulder pain or disability, 58% reported clinically significant worsening (10 percentage points of SPADI) in shoulder pain over 12 months. 4 These mild-to-moderate shoulder symptoms can become severe; people with diabetes have a risk ratio of 5.0 to 5.9 (95% CI = 3.3-7.5, P < .001) for developing idiopathic frozen shoulder compared to those without diabetes. 7 These reports indicate that people with diabetes have frequent shoulder complications and the symptoms tend to worsen over time.
The systemic nature of progressive musculoskeletal disease in people with diabetes indicates that shoulder disorders may have a distinct metabolic and movement-related mechanism in this group. 1, 2, [8] [9] [10] [11] [12] [13] [14] [15] Although the exact mechanism is not fully understood, long-term hyperglycemia, as seen in diabetes, can lead to high levels of advanced glycation end-products (AGEs) in collagen-rich structures such as tendons, ligaments, and joint capsules, [9] [10] [11] resulting in tissues that are thicker, stiffer, and more susceptible to injury. [11] [12] [13] High AGE levels have been directly associated with musculoskeletal shoulder complications 2, 14 and may have a direct effect on inflammation and pain. 15 These metabolic factors likely contribute to the insidious and progressive development of limited shoulder joint mobility and subsequent pain and disability. 8 Common indicators of long-term hyperglycemia used in the clinic and reported in this study include duration of diabetes and the percent of glycated hemoglobin (A1C value), a 3-month indicator of serum glucose (A1C >6.5% consistent with diabetes). 16 Shoulder movement is a modifiable factor that can also contribute to shoulder pain and disability. A recent publication indicated that in addition to having higher AGE levels, people with type 2 diabetes had 23% lower shoulder activity (measured with accelerometers over a 24-hour period) compared to matched controls without type 2 diabetes. 17 Accelerometers are increasingly being used to monitor and quantify duration and magnitude of upper extremity activity in the home and community. [18] [19] [20] Important for this population with diabetes, low tissue loading from low activity levels is known to cause atrophy and reduced tolerance to subsequent stresses in bone, muscle, tendon, and ligament. 21 Because people with diabetes demonstrate decreased shoulder motion and strength, 8, 17, 22, 23 we propose that specific movement and exercise strategies targeting progressive stretching and strengthening will help to reverse these shoulder complications. Although there is some evidence that therapeutic exercise can have a positive effect on shoulder pain and function, 24 the specific effect on people with diabetes, metabolic abnormalities, and shoulder complications is unknown. Treating patients with diabetes and mild-to-moderate shoulder symptoms is important to help manage the pain and disability associated with this complication. Because shoulder symptoms are known to worsen over time, 4 intervention also may have implications for secondary prevention of future severe shoulder complications known to occur in this population. [1] [2] [3] 7 This study evaluated the effects of a 3-month shoulder movement intervention compared to a wellness program on the primary outcomes of active shoulder range of motion (ROM) and reported shoulder pain and disability (SPADI) in participants with type 2 diabetes with mild-to-moderate shoulder symptoms (decreased motion, pain) measured after intervention and 9 months after intervention. Secondary outcomes included magnitude and duration of shoulder activity, shoulder flexion strength, and passive shoulder flexion of the involved arm. We hypothesized that the group receiving the shoulder movement intervention would have improved outcomes at the end of intervention and at 1-year follow-up compared to the group who received the wellness program.
Methods

Study Design and Randomization
This prospective randomized controlled clinical trial contrasted a 3-month progressive shoulder movement intervention (ShoMo group) with a wellness intervention (wellness group). Participants who met the inclusion criteria, provided written informed consent, and completed their baseline testing were allocated into 2 groups using a computer-generated block randomization sequence provided by the statistician, with a block size of 4 and stratification according to sex. The study coordinator used this computer-generated sequence for group assignment, and the sequence was concealed from study personnel enrolling participants. Participants were tested 4 more times over 1 year for a total of 5 testing sessions (Fig. 1, T1-T5 ).
Sample Size and Recruitment
Recruitment began in September 2014 and all data acquisition was complete by November 2016. A priori power analyses were based on 2-sided statistical tests at a significance level of .05 and 80% power, using 2-sample t tests with anticipated effect sizes of mean difference between groups over time for an increase of 10 (SD = 11) degrees in shoulder flexion and a 15-point (SD = 17) decrease in the SPA-DI scores 25 of the ShoMo group versus the wellness group. Allowing for an 18% dropout rate over the 1 year would require a total of 52 participants (26 in each group). The change in shoulder flexion was based on our clinical impression of a feasible and meaningful change, and SDs were taken from our pilot work. 6, 14, 23 Participants were recruited through the Washington CONSORT flow diagram including the number of people who attended each follow-up session and reasons people missed the follow-up session. Note that a participant could miss 1 follow-up session but remain in the study and attend subsequent follow-up sessions. T1-T5 = testing sessions 1 through 5.
University Diabetes Center and 2 community-based, university-operated recruitment services (Tab. 1).
Inclusion criteria. The aim of our inclusion criteria was to identify people with diabetes with mild-to-moderate shoulder symptoms who were at high risk for developing severe shoulder problems. 4, [26] [27] [28] [29] [30] [31] [32] We specifically included: individuals with type 2 diabetes between the ages of 40 and 70 years and with a duration of diagnosed type 2 diabetes of more than 10 years OR presence of a "positive prayer sign" 1, 3, 6 (indicative of limited joint mobility in the hand), OR shoulder flexion <150 degrees; OR a SPADI score greater than 20 but less than 70.
Exclusion criteria. Because we were targeting people with relatively early shoulder involvement, participants with severe shoulder problems such as a currently diagnosed adhesive capsulitis, rotator cuff tears, recent (within the past 6 months) upper extremity injury and/or fractures, surgery in the upper extremity or thorax, cervical radiculopathy, thoracic outlet syndrome, carpal tunnel syndrome, stroke with residual upper extremity involvement, severe skin allergies in area to be tested, rheumatic conditions, use of a cane or other mobility assistance, and known connective tissue diseases were excluded. We also excluded people who engaged in heavy upper extremity/overhead use (eg, painters, tennis players) because they likely have a different mechanism of injury than those with diabetes and low shoulder activity. These criteria helped us capture the shoulder impairments early in the disease process before the onset of severe pain, disability, or reduction of ROM and strength.
Masking
All outcome measures were collected by trained investigators who were masked with regard to group assignment. We were unable to mask for exercise intervention. Therefore, participants and the physical therapists providing treatment knew group assignment.
Interventions Shoulder mobility program (ShoMo).
The experimental intervention was an optimized shoulder movement program, standardized and described in detail in the eAppendix (available at https:// academic.oup.com/ptj). Participants were seen by a trained physical therapist for 4 visits (30-60 minutes' duration each visit) during the 3-month intervention period. The visits consisted of the therapist teaching the participant the exercises included in the shoulder movement program to enable the participant to become independent in a home exercise program. We believed the progressive nature of the end-range active shoulder mobility exercises would be the most important aspect (ie, the active ingredient) of the intervention program leading to improvements. Briefly, participants started with passive stretching of end-range shoulder flexion and rotation (internal, external) that progressed to active and then resisted shoulder motions tailored to their ability level. Participants were instructed to perform 3 assigned stretching motions for a minimum of 2 sets of 10 repetitions every day. Participants also were instructed in active shoulder movement that could be incorporated into daily activities with a dose based on the participant's measured activity count at baseline using accelerometers. 17 Anticipated duration of home exercise was 10 to 15 minutes, 2 times per day. The upper extremity movements are based on results of our previous research in this population, 14, 23 conclusions from other clinical trials, 24, 33 and the clinical and research experience of the authors who have successfully managed upper extremity problems and who have documented the need to achieve sufficient "dose" of activity to make meaningful change. 34 Wellness program. The intent of the wellness program was to control for time and personal interactions with physical therapists (participants seen 4 times over 3 months) and investigators, and to provide useful information for disease management, but not provide intervention that directly targeted shoulder joint motion. This wellness program was based on American Diabetes Association guidelines 35 and included instruction in blood sugar control (goal is HbA1c <7.0%), physical activity (150 min/wk of moderate intensity aerobic activity), foot care (examine feet daily, monofilament testing), and blood pressure control (goal is <130/80 mm Hg). Additional details are provided in the eAppendix.
Participants in both groups were given a logbook to record the amount of prescribed activity completed each day during the 3-month intervention period (a visual appraisal scale with 0 indicating no prescribed exercises were performed and 100% indicating all prescribed exercises were performed). At the final testing session (Fig. 1, T5 ), participants were given the following 1-question survey to record self-reported adherence to home exercises during the previous 9 months of unsupervised participation in the study: "Over the past 9 months, what percentage of your activities or exercises as instructed by your physical therapist did you actually perform?" They were given a row of options ranging from 0% to 100% in 10% increments. Participants in both groups were given 10 dollars cash at the completion of every treatment visit to cover travel expenses and serve as an incentive for attendance.
Measures
Testing of all measures occurred 5 times: at baseline immediately before intervention started, after the 3-month intervention period, and again at 6, 9, and 12 months after baseline, as illustrated in Figure 1 .
Primary Outcomes and End Points
The primary outcomes were active shoulder flexion ROM and the SPADI. The key end points were immediately after intervention (3 months after baseline) to determine effect of intervention and 9 months later (12 months after baseline) to determine if the intervention effect persisted.
The involved arm was selected and recorded for each participant based on the following criteria: a) the more painful side as reported by the participant, b) if there was not a more painful side, the side with less passive shoulder flexion ROM, and c) if passive shoulder flexion ROM was equal, the side with less external ROM. Active shoulder flexion ROM of the involved shoulder was measured as the angle between humerus and thorax with a digital goniometer (JAMAR, Patterson Medical, Warrenville, Illinois) while the participant was seated. 36, 37 The SPADI is a standardized 13-item selfreport questionnaire with 5 items specific to shoulder pain and 8 items specific to shoulder disability. 38, 39 The SPADI score can range from 0%, indicating no pain or disability, to 100%, indicating severe pain and total disability. 39 SPADI measurement properties have been studied extensively, with reported excellent reliability and a minimal clinically important difference (MCID) between 8 and 13. 4, 25, 40, 41 Another recent publication reported a 43% or more change in score from baseline to be clinically relevant. 42 
Secondary Outcomes and End Points
Secondary outcome measures were 1) magnitude and duration of shoulder activity, 2) shoulder flexion strength of the involved arm, and 3) passive shoulder flexion of the involved arm. Shoulder activity was measured using triaxial accelerometers (GT3X + Activity Monitor, ActiGraph, Pensacola, Florida) and previously established methods [17] [18] [19] [20] except that the accelerometers were placed proximal to both elbow joints rather than the wrists to help isolate shoulder activity. Accelerometers were placed on both arms after each of the 5 laboratory testing sessions. Participants were given a prepaid, preaddressed shipping envelope to return the devices after wearing them for 24 hours, a time consistent with previous studies and long enough to obtain representative data, but not so long as to be burdensome or reduce wearing adherence. Because there were no differences in any measures of shoulder activity between arms, only data from the right arm are reported. Shoulder flexion strength was measured using a handheld digital strain-gauge dynamometer (Microfet, Hoggan Health Industries Inc, West Jordan, Utah) with the participant in a supine position and the shoulder in 90 degrees of flexion using standardized methods and stabilization. 43 Passive shoulder flexion ROM of the involved shoulder was measured as the angle between humerus and thorax with a digital goniometer while the participant was supine. 36, 37 Two measures were obtained and averaged for the shoulder ROM variable and shoulder strength. All outcomes were collected at the secondary end points of 6, 9, and 12 months after baseline measures to determine how long any effect lasted.
Data Analysis
Primary outcomes of active shoulder flexion ROM and SPADI score were analyzed using repeated measures analysis of variance (ANOVA) and tested for between-group over-time changes (interactions) between baseline and 3-month testing (following treatment) as the primary end point to determine effects following the intervention; and between baseline and at 12 months after baseline to determine if effects continued. All primary and secondary outcome variables also were analyzed using repeated measures ANOVA implemented with a linear mixed-effects model to test for between-group overtime changes (interactions) at all end points (3, 6, 9, and 12 months after baseline). Between-group differences over time and 95% CI were estimated from the linear mixed-effects models. All analyses were performed in SAS version 9.4 (SAS Institute, Cary, North Carolina).
Role of the Funding Source
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Results
Participant Characteristics
Participant characteristics are summarized in Table 1 ; there were 27 participants in the ShoMo group and 25 participants in the wellness group. All characteristics were similar between groups. Figure 1 shows the CONsolidated Standards of Reporting Trials (CONSORT) diagram. Mean and standard deviation of duration of diabetes and A1C of total sample were 13.3 (5.7) years and 7.5% (1.6), respectively, indicative of longstanding elevated hyperglycemia consistent with recruitment aims. 16 Ninety-four percent (101 of 108) of the treatment sessions for the ShoMo group were completed, and 96% (96 of 100) of the treatment sessions for the wellness group were completed (Fig. 1) . Forty-three of 52 (82.7%) participants completed all testing at the 1-year follow-up session, consistent with our anticipated dropout rate (18%). One participant completed the SPADI by mail but did not complete shoulder ROM and strength measures. At 1-year follow-up, participants in the ShoMo group self-reported that they were 55.2% (SD = 22.1) compliant with their home exercise program, whereas the wellness group self-reported 62.1% (SD = 27.6) compliance with their assigned daily guidelines since completing supervised treatments at 3 months.
Adverse Events
There were no adverse events directly related to treatment in either group.
Primary Outcomes
Group means and standard deviations for time points at baseline, after 3 months of intervention, and 12 months after baseline are provided along with mean withinand between-group differences over time after 3 months of intervention, and 12 months after baseline for all outcome variables in Table 2 . Group means and standard errors for baseline and all follow-up time points are illustrated in Figure 2 to help visualize the change in scores over time.
Involved shoulder active ROM. The ShoMo group had a 7.2-degree increase in active shoulder flexion compared to the wellness group after 3 months of intervention (95% CI = 0.9-13.5). However, the difference did not persist past 3 months, as indicated by insignificant group by time interactions at the 6-, 9-, and 12-month testing sessions ( Fig. 2A, Tab. 2).
SPADI.
The ShoMo group showed a 12.7-point improvement in the total SPADI score compared to the wellness group following 3 months of intervention (95% CI = 1.1-24.3). The significant difference between groups over time persisted throughout the 6-, 9-, and 12-month follow-up time points (Fig. 2B, Tab. 2) . At 1-year follow-up, the ShoMo group had a 13.1-point (95% CI = 2.4-23.9) between-groups over-time improvement in SPADI score compared with the wellness group.
Secondary Outcomes
There were no significant group by time interactions for magnitude and duration of shoulder activity, shoulder strength of the involved arm, or passive shoulder flexion of the involved arm at any of the time points (Tab. 2).
Discussion
The results of this prospective, randomized clinical trial indicate that participants with type 2 diabetes and mild-to-moderate shoulder symptoms had improved active shoulder motion and reported reduced pain and disability after a progressive, active shoulder motion intervention compared with a group who received wellness training. The shoulder mobility program demonstrated high attendance (94%), low dropout (8%), and no adverse events directly related to treatment, indicating that this intervention can be performed safely and without injury (Fig. 1) . The results are important because they show that a relatively simple progression of shoulder movement exercises can reduce reported shoulder pain and disability in a patient population that normally worsens over time. 4 The improvement in active shoulder ROM seen following intervention did not persist at subsequent testing (ie, between-group difference was no longer statistically significant at 6-, 9-, and 12-month follow-up testing) (Fig. 2) ; however, improvements in shoulder pain and disability did persist with the ShoMo group reporting SPADI scores of only about one-third that of the wellness group (Tab. 2) at 1 year.
The self-reported shoulder pain and disability score (SPADI) showed a sustained and clinically meaningful between-group difference of 13 points after treatment and a within-group drop of 47% (18.9-10.0) that persisted throughout follow-up at 1 year. 4, 42 These improvements surpass previously documented MCID values for the SPADI (8-13 points, or 43% of baseline value). 25, 42 We believe the most important component for change (the "active ingredient") of the ShoMo program was the progressive nature of the end-range active shoulder motions encouraged as long as movements did not increase pain or symptoms. The wellness group received the same number and duration of treatment sessions and had attendance and dropout rates similar to those of the ShoMo group; therefore, we do not believe the improvements seen in the ShoMo group can be attributed to personal attention or interactions.
Furthermore, the improvements were seen with a small number of visits, 4, and a relatively easy-to-implement progressive exercise program taught by physical therapists (eAppendix). Although as many as 46% to 63% of patients with diabetes report shoulder pain and disability, 4, 6 it is our observation that few are referred for physical therapy or other treatment. This shoulder mobility program has the potential to have an impact on those with diabetes known to have decreased shoulder ROM, 8, 22, 23 decreased shoulder activity, higher reports of shoulder pain and disability, 17 and high AGE levels 2,14 that typically worsen over time. 4 Although long-term hyperglycemia and high AGE levels historically have been implicated as the primary cause of diabetic shoulder pain and disability, 2, 3, 9, 10, 14, 15, 44 limited shoulder movement may be the more modifiable and clinically meaningful target for treatment to implement improvements. 17 The improvement in active shoulder flexion following treatment (between-group differences of 7.2°) was modest, and the between-group difference at 1-year follow-up (5.5°) was not statistically significant. One reason for this modest improvement is that initial active shoulder flexion (143°; SD = 12) of participants in this study was only minimally impaired compared to the active shoulder flexion (150°; SD = 10) of age-matched controls without diabetes or shoulder impairments reported in another study. 14 We could find no other studies investigating the effect of an exercise or mobility program on early onset diabetic shoulder complications. A meta-analysis on the effectiveness of therapeutic exercise for painful shoulder conditions, however, did conclude that the rapeutic exercise has a positive effect on pain and function above all other interventions, whereas the effect on ROM was inconclusive, consistent with the findings in this study. 24 Additional research is needed to help determine optimal intensity of and adherence to the intervention including the subsequent home exercise program. Future work also should determine if this type of movement program can help to prevent the high rate and progression of severe shoulder complications (eg, adhesive capsulitis or "frozen shoulder") seen in people with diabetes. 2, 4, 7 Better understanding of the etiology and systemic nature of musculoskeletal problems in people with diabetes may help drive pharmaceutical, nutritional, and movement interventions to reduce these complications.
There are limitations of this study that should be considered when interpreting these data. First, this study was an early phase trial; a relatively small number of participants were enrolled to explore if a movement program could affect shoulder pain and disability. The study needs to be replicated in a larger trial that follows participants for a longer duration of time. An important outcome for future work would be to determine if a shoulder mobility program could help to prevent severe shoulder complications in people with type 2 diabetes. Purposefully, the participants in this study had only mild-to-moderate losses in shoulder mobility and symptoms of pain and disability (Tab. 1). Given the stated inclusion criteria, some participants had relatively little room for improvement. Those patients who develop severe shoulder symptoms (eg, acute adhesive capsulitis or rotator cuff tear) likely require a more extensive evaluation and treatment management than described in this study. Means and standard error of (A) active shoulder flexion of the involved arm and (B) Shoulder Pain and Disability Index (SPADI) at baseline, immediately following treatment (3 months) and 6, 9, and 12 months after baseline. * = P < .05.
least a year. Additional research is needed to determine feasible implementation, and importantly, to determine if active shoulder exercise could produce sustainable improvements in shoulder motion and reduce the incidence of adhesive capsulitis in this population.
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